Introduction
Each week, electronic health records (EHRs) become more ubiquitous and an increasingly important part of our nation's $2.7 trillion health economy [1] . While the promises of increased efficiency, cross facility interoperability, and point-ofcare benefits have been modestly fulfilled [2, 3] , it is clear that adoption of EHRs will only increase for the foreseeable future. However, tremendous market consolidation has resulted in a small number of programs obtaining a large share of installed systems. This effective monopoly by a group of vendors has stifled innovation and made disruptive innovation very difficult. In order to combat this problem, EHR vendors should be required to open systems up to allow for more clinical innovation.
Adoption of EHRs is being driven by a multitude of factors. In February 2009, President Obama signed into law the American Recovery and Reinvestment Act (AARA), a $789 billion economic stimulus package, which includes the Healthcare Information Technology for Economic and Clinical Health Act (HITECH Act). The HITECH Act is designed to encourage investment in health information technology so that both healthcare delivery and patient care can be improved. As a consequence of the HITECH Act, which allocates $25.9 billion to hospitals and physicians who demonstrate meaningful use of electronic health records, many hospitals have adopted digitalized technology. Eligible providers are now able to obtain up to $63,750 in payments from the government for demonstration of the use of certified systems [4] .
Additionally, pay-for-performance contracting with private insurers has spurred many physicians and hospitals to adopt EHRs in order to be able to participate in these programs [5] . The increasing need for external data reporting, such as statebased reporting programs, along with a general desire to utilize technology to facilitate quality improvement have also helped drive adoption [6] . EHR system use among officebased physicians increased from 18 % in 2001 to 57 % in preliminary 2011 estimates [7] .
As the number of physician practices using EHRs increases, there has been a simultaneous decline in the variety of systems installed. Market consolidation has steadily increased, as evidenced by data now available from CMS. Although several hundred unique EHR systems have been certified for use by CMS, according to CMS attestation data, 15 vendors represented 75 % of the systems among all providers attesting to meaningful use. Among inpatient EHRs, this consolidation is even more pronounced with just 6 vendors representing 75 % of all hospital attestations [8] .
AIMS market
The anesthesiology information management system (AIMS) market is a telling example of the larger national EHR trends. AIMS are a specialized form of EHR used by anesthesiologists to monitor and record perioperative patient data [9, 10] . Since 2009, there has been a steady increase in AIMS adoption. In 2009, less than 5 % of US operating rooms were using AIMS. By 2011, 50 % of operating rooms were using AIMS according to survey data. In the AIMS market, there are only four major health information technology companies offering systems: Picis, Draeger Medical, Philips, and GE. Although there are a handful of other companies, these four control the vast majority of the AIMS market and are estimated to represent approximately 75 % of all installed AIMS systems [11] . With these companies having a stronghold on the market, it is becoming increasingly difficult for other companies to enter the AIMS market, thus stifling both competition and creativity.
Market consolidation does not necessarily obviate innovation. One only has to look at the electrical power industry to see an example of how combinations of standards and regulations have allowed innovation to occur in concert with a small number of broadly entrenched service providers. While the nation's electrical power generation and transmission system is complex and dominated by a few large players, there are many small companies that have leveraged national standards to innovate within the marketplace. A growing number of renewable energy companies, wind and solar in particular, have been able to bring their products to market by connecting to one of the three national grids that serve as a marketplace for electrical power. The existing infrastructure essentially became a platform for energy innovation. By analogy, EHR systems could be regulated to function as open, flexible platforms that allow innovative use of EHR data by other vendors to drive clinical innovation. Another example similar to electrical power is the smartphone application industry. The iOS and Android systems have become platforms that provide common interfaces to core functionality, such as global positioning systems, cameras and address books, for any application. Users can choose from multiple competing applications for a specific task or create their own. This platform approach has fostered a revolution in software application development and led to a numerous innovations.
While a similarly innovative platform does not yet exist in the EHR space, ongoing research and development efforts have demonstrated that it is possible to apply the same approach to EHR systems. Through a grant from the Office of the National Coordinator for Health Information Technology, the Substitutable Medical Applications, Reusable Technology (SMART) Platforms project has developed applications and interfaces that provide a common way to work with existing health data [12] . By using existing web standards (HTML, JavaScript) and medical coding standards (SNOMED, RxNorm), the SMART team has developed an open framework that allowed outside software developers to write novel applications that interface with proprietary EHR systems. Applications interface with normalized clinical data through SMART containers, which obviate the need to adapt functionality for a particular vendor system. Currently, there is limited ability for individuals, small companies, or others to develop and innovate within and around large vendor installed systems. If regulatory standards that govern which EHR systems are certified for government incentive programs included interoperability features demonstrated by the SMART team, the marketplace would see many innovative healthcare applications be developed.
Non-commercial systems
At Vanderbilt University Medical Center (VUMC), we have developed an in-house EHR system which includes innovative AIMS applications. Anesthesiologists frequently supervise multiple concurrent surgical cases, which makes it challenging to determine what is occurring in each case in realtime and prioritize appropriately. We have created an iPhone application called VigiVU (Fig. 1 ) that allows anesthesiologists to watch and control operating room cameras, monitor vital sign trends, and communicate directly with staff in each room [13] . This innovation has dramatically changed the way in which our physicians are able to do their jobs. Our development team was able to create this application because they had full access to our EHR system which contains the underlying data. Bringing this innovation to operating rooms outside VUMC, however, remains challenging because EHR systems lack the interoperability features required for accessing patient data in real-time. This is functionality that is needed and has already been developed in our AIMS; yet the current structure of the EHR marketplace greatly constrains our ability to spread this innovation. Similarly, we have demonstrated how additional functionality can be created on top of existing AIMS to improve compliance documentation [14, 15] , streamline a quality assurance system [16] , and improve monitoring of patients [17, 18] . While some of these important innovations have been subsequently implemented elsewhere [19] , doing so required creating a new software system from scratch. Only a handful of other medical centers have invested the resources needed to develop novel functionality [20] [21] [22] and instead most rely on vendor driven updates. This is problematic for fields like anesthesiology, where the size of the market is relatively small, and vendor updates are typically incremental rather than pioneering.
Regulation as a facilitator for industry change
Industries respond to the regulatory environment in a predictable fashion, and therefore the regulatory environment can serve as a facilitator for change. In 2002, the White Dog Café became the first for-profit business in Philadelphia to use 100 % wind-generated electricity [23] . The café does not produce or generate any energy itself -green or otherwise; rather it was able to purchase "green" power from generation suppliers outside the city which it received via the existing energy grid. This would not have been possible without an energy regulatory structure which has established a market where the ability to purchase renewable energy credits, certified green energy sources, and track green energy usage exists. Thus the café can participate in enhancing national energy innovation without building its own independent power grid or generation facility. In contrast, if another institution wanted to use VigiVU, it would have to perform the equivalent of digging holes for new utility poles, hanging highvoltage wire or running its own generation infrastructure. Within the community of clinicians and software developers that use and support AIMS applications, there is a clear need for interoperability, access to normalized real-time patient data, and the ability to share novel functionality across multiple vendor systems. These practical needs also exist within the broader EHR community, and these abilities would greatly improve the potential for health information technology to achieve its goals of improving healthcare delivery and patient care. The remaining question is how to establish the innovative platform approach using existing EHR systems.
Sustaining innovation
Disruptive innovations are frequently discussed in the context of healthcare and are described as innovations that create a new market which eventually disrupts an existing market by displacing older technology [24, 25] . We envision, by contrast, sustaining innovation, whereby existing markets evolve to allow competition between firms that create better value [26, 27] . Billions of dollars have already been spent creating Fig. 1 The VigiVu iPhone application allows supervising physicians to simultaneously monitor four operating rooms by observing live video and real-time vitals signs interfaces to legacy hardware and data for current EHR systems, and it would be wiser to build on top of what we have rather than seek to replace these systems. The HITECH Act has already essentially established a mechanism for regulating necessary EHR system functionality through the EHR certification process. This same process could be leveraged to encourage EHR vendors to adopt the practical interoperability approach demonstrated by the SMART team. A change such as this would have a powerful impact.
Conclusions
While our VigiVU application is currently limited to VUMC, the regulatory change we suggest could alter this completely. By allowing access to normalized clinical data in current systems through SMART containers, innovative applications could be brought across institutional boundaries. Just as the iOS and Android systems have published interfaces to core features such as cameras and address books, AIMS could have an interface to common parameters found in anesthetic care records. By combining these data with an EHR provider address book interface and a camera interface, VigiVU and other novel applications could be shared far beyond the walls of VUMC, and anesthesiologists across the nation could have access to this innovation without having to reinvent the wheel at each institution. By permitting access to normalized realtime patient data, clinicians, researchers, and developers will be able to fully leverage vendor EHRs. The resulting clinical innovations will be critical in improving our nation's healthcare delivery and in achieving health information technology's potential to improve patient care.
